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METHODS FOR METAL ETCHING WITH
REDUCED SIDEWALL BUILD UP DURING
INTEGRATED CIRCUIT MANUFACTURING

BACKGROUND OF THE INVENTION

The present mnvention relates to the fabrication of semi-
conductor integrated circuits (IC’s). More particularly, the
present invention relates to methods and apparatuses for
ctching through an IC’s layer stack so that the polymer
deposition that 1s formed during the etch may be more easily
removed after etching.

In semiconductor IC fabrication, devices such as compo-
nent transistors, capacitors, and resistors are formed in
and/or on a semiconductor wafer or substrate, which 1s
typically made of silicon. Other wafers, such as gallium
arsenide or silicon on 1sulator are also useful. Metallic
mnterconnect lines, which are etched from a metallization
layer disposed above the wafer, are then employed to couple
the devices together to form a desired circuit. To facilitate
discussion, FIG. 1A illustrates a simplified (and not to scale)
cross-section view of a layer stack 20, representing the
layers that may be formed during the fabrication of a typical
semiconductor IC.

At the bottom of layer stack 20, there 1s shown a wafer
100. For simplicity, the water includes various devices. An
oxide or interlayer dielectric layer 102, which 1s typically
formed of silicon dioxide, 1s shown formed over the surface
of water 100. Doped or undoped silicate glass, mncluding
BSG, PSG, and BPSG, are also useful to form the dielectric
layer. A bottom barrier layer 104, typically formed of Ti,
T1W, TiN, Ta Nitride, Tungsten Carbide, Chromium Nitride,
Hafnium Nitride, Ti1 Carbide, Haintum Carbide, Molybenum
Carbide, or other suitable barrier materials, may be disposed
above 1nterlevel dielectric layer 102 and adjacent to a
subsequently deposited metallization layer 106. Bottom
barrier layer 104 may be a single film or a composite layer
made up of multiple films. Bottom barrier layer 104, when
provided, functions to substantially prevent diffusion of
silicon atoms from interlayer dielectric layer 102 into met-
allization layer 106 and improve reliability.

Metallization layer 106 1s typically formed of aluminum,
copper, or any unknown aluminum alloy such as Al—Clu,
Al—Si1, and Al—Cu—Si1, or conductive material. The
remaining layers of layer stack 20 may include top barrier
layers 108 and 110 formed over or adjacent to metallization
layer 106, an anti-reflective coating (ARC) layer 112 that is
formed above top barrier layers 108 and 110, and an
overlying photoresist (PR) layer 114 formed over ARC layer
112. As 1s well known 1n the art, ARC layer 112 1s typically
composed of Ti, TiN, TiW and/or other refractory metals.
Generally speaking, ARC layer 112 1s useful in preventing
light used 1n the photolithography process from reflecting
and scattering, and may, 1n some cases, inhibit hillock
growth (e.g., if the ARC layer is a refractory metal with
certain stress characteristics). The ARC layer may also be
organic 1n nature. In some layer stacks, the ARC layer 1s
sometimes not required.

The layers of layer stack 20 are readily recognizable to
those skilled 1n the art and may be formed using any number
of known deposition processes, mcluding chemical vapor
deposition (CVD), plasma-enhanced chemical vapor depo-
sition (PECVD), and physical vapor deposition (PVD) such
as sputtering and/or electroplating. Although the layers
shown are representative, 1t should be noted that other
additional layers above, below, or between the layers shown
may be present. Further, not all of the illustrated layers need
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necessarily be present and some or all may be substituted by
a variety of different layers. By way of example, one or more
layers may be disposed between the barrier layer and the
metallization layer without negating the function of the
barrier layer.

To create the aforementioned metallic 1nterconnect lines,
PR layer 114 1s patterned using a suitable photolithography
technique, and subsequently the exposed metal film(s) are
ctched. By way of example, one such photolithography
technique 1nvolves the patterning of photoresist layer 114 by
exposing the photoresist material 1n a contact or stepper
photolithography and/or x-ray apparatus, and the develop-
ment of the photoresist material to form a patterned mask
that exposes certain portions of the underlying ARC, barrier,
and metallization layers. In this manner, etchants may sub-
sequently be used to etch away portions of the underlying
layers that are not covered by the photoresist mask.
Accordingly, the remaining metallization material will form
a plurality of mterconnect lines that are consistent with a
selected functional circuit pattern.

FIG. 1B shows an interconnect line 116 formed from
unetched portions of layer stack 20 of FIG. 1A after a
conventional etching process 1s completed. Such etching
process includes, for example, reactive 1on etching (RIE).
An 1nterconnect line 116 1s formed by unetched portions of
metallization layer 106. Chemicals used m RIE of layer
stack 20 includes, for example, chlorine (Cl,) and boron

chloride (BCl;). Other etchant chemicals such as HCI, HI,
CH,, and/or CHCl, are also useful in RIE of layer stack 20.

During etching, some photoresist erosion takes place 1n
addition to the vertical etching through layers 112, 110, 106,
104, and 102 of interconnect line 116. As a result, a top
surface of PR layer 114 may become sloped. Some of the
eroded photoresist materital may become deposited along
sidewalls 120 of interconnect line 116, thereby passivating
the sidewalls with polymers.

In general, the passivation of the sidewalls 1s not neces-
sarily undesirable. For example, sidewall passivation has
been known to assist 1n maintaining profile control during
the etch and to prevent the etchant from undercutting the
ctched features, among others.

During sidewall passivation, however, some of the
etchants (e.g., chlorine) and etched materials from the etched
layers (e.g., materials from interlayer dielectric layer 102 or
metallization layer 106, among others) may become
absorbed 1nto the polymer deposition formed along side-
walls 120. The polymer deposition along sidewalls 120 1s
thus 1mpregnated with imorganic and organic materials
including, for example, Cl,, S10.,, S1, carbon, T1, Al, and the
like.

After etching, 1t 1s typically necessary to remove the
overlying photoresist mask along with any polymer depo-
sition on sidewalls 120. Conventionally, the photoresist
removal 1s achieved by use of plasma stripping and water
rinse processes subsequent to etching. In the plasma strip-
ping process step, water vapor and oxygen 1n a plasma state
are used to remove as much of the photoresist and polymer
as possible. The water rinse step 1s used to further remove
polymerization and to further dilute any corrosive gases,
such as chlorine, that has been absorbed 1nto the polymer
sidewalls. A problem that arises 1s that the absorbed 1nor-
cganic materials cause difficulty in removing the polymer
deposition on sidewalls 120 during the subsequent photo-
resist strip and water rinse processes. In other words, while
the photoresist strip and water rinse processes typically
succeed 1n removing substantially all the overlying photo-
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resist mask material, these prior art processes have not been
as successtul in completely removing the sidewall deposi-
fion that has been impregnated with inorganic materials.
This requires additional processing, ¢.g., wet chemical
treatment, to achieve the desired results.

FIG. 1B illustrates a rail 130 formed from the sidewall
deposition material that remains partially adhered to side-
wall 120 after photoresist stripping. During rinsing, rail 130
may become dislodged from sidewalls 120 and may be
redeposited on the surface of the wafer. As can be appreci-
ated by those skilled in the art, the presence of rail 130
(essentially a strip of polymer that has been impregnated
with 1norganic materials) on the wafer surface is highly
undesirable. At minimum, these rails represent unwanted
contaminants and can lead to a noise in photo limited yield
data (PLY data). The presence of the rails can also lead to a
potential reliability problem during subsequent processing,
steps (e.g., dielectric fill) or during operation of the inte-
grated circuit (IC) that results.

In view of the foregoing, what 1s needed 1s an etch in
which the sidewall deposition that 1s formed during etching,
may be more ecasily removed by a subsequent plasma
stripping process and/or a water rinse process.

SUMMARY OF THE INVENTION

The 1invention relates, in one embodiment to a method 1n
a plasma processing chamber for etching through a selected
portion of a layer stack. The layer stack comprises a met-
allization layer, a first barrier layer disposed adjacent to the
metallization layer, and a photoresist layer disposed above
the metallization layer. The method mcludes etching at least
partially through the first barrier layer using a high sputter
component etch. The method further includes etching at
least partially through the metallization layer using a low
sputter component etch. The low sputter component etch has
a sputter component lower than a sputter component of the
high sputter component etch.

In another embodiment, the invention relates to a method
in a plasma processing chamber for reducing sidewall poly-
mer buildup during etching through a selected portion of a
layer stack. The layer stack includes a bottom barrier layer,
a metallization layer disposed above the bottom barrier
layer, a top barrier layer disposed above the metallization
layer, and a photoresist layer disposed above the metalliza-
fion layer.

The method includes etching at least partially through the
top barrier layer using a first chamber pressure. The method
further includes etching at least partially through the met-
allization layer using a second chamber pressure higher than
the first chamber pressure. The first chamber pressure is
coniigured to cause the top barrier layer to be etched with a
higher sputter component than a sputter component associ-
ated with the second Chamber pressure. There 1s further
included etching at least partially through the bottom barrier
layer using a third chamber pressure lower than the second
chamber pressure. The third chamber pressure 1s configured
to cause the bottom barrier layer to be etched with a higher
sputter component than the sputter component associated
with the second chamber pressure. These and other advan-
tages of the present invention will become apparent upon
reading the following detailed descriptions and studying the
various figures of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention, together with further advantages thereof,
may best be understood by reference to the following
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description taken i1n conjunction with the accompanying
drawings 1n which:

FIG. 1A 1llustrates a cross-section view of a layer stack,
representing the layers that 1s formed during the fabrication
of a typical semiconductor IC.

FIG. 1B 1llustrates a cross-section view of an interconnect
line formed from the layer stack of FIG. 1A, including the
rails that remain after photoresist stripping and/or water
rinsing.

FIG. 2A 15 a schematic diagram of an etch reactor suitable
for practicing the inventive etch technique.

FIG. 2B 1s a flow diagram of a multiple step etching
process according to one embodiment of the present inven-
fion.

FIG. 3 1llustrates a cross-section vies of an exemplary
layer stack after it 1s etched 1n accordance with the inventive
ctching technique.

DETAILED DESCRIPTION OF THE
INVENTION

In the following description, numerous specific details are
set forth 1n order to provide a thorough understanding of the
present invention. It will be obvious, however, to one skilled
in the art, that the present invention may be practiced
without some or all of these specific details. In other
instances, well known process steps have not been described
in detail 1n order not to unnecessarily obscure the present
invention.

In accordance with one embodiment of the present
invention, there 1s provided an 1mproved technique for
ctching through the layer stack that includes etching at least
partially through a barrier layer using a high-sputter com-
ponent etch. The high-sputter component etch advanta-
ogeously increases sputtering of the photoresist layer. This
increased sputtering of the photoresist layer causes addi-
tional carbon to be present in the etch reactor and adsorbed
into the sidewall deposition.

By 1ncreasing the carbon content of the sidewall
deposition, the sidewall deposition becomes more soluble
and therefore easier to remove daring subsequent photoresist
strip/water rinsing processes. The increased physical sput-
tering also reduces the physical dimension of the sidewall
deposition by reducing the height of the sidewalls of the
ctched layer stack as more of the photoresist 1s sputtered
away (e.g., by reducing height 120 of FIG. 1B as the
photoresist feature becomes thinner and/or more sloped).

In one embodiment, the high-sputter component etching,
may be achieved by lowering pressure in the etch chamber
to increase the bias voltage of the layer stack. With reduced
process pressure, the mean free path inside the plasma
chamber 1s increased so that the sputtered barrier layer
material 1s more easily exhausted out of the plasma chamber,
thereby reducing their adsorption into the sidewall deposi-
tion. With reduced adsorption of the 1norganic material, the
sidewall deposition may be more soluble and easily removed
during the subsequent photoresist stripping and/or water
rinsing steps.

In accordance with another embodiment of the present
invention, there 1s further provided a low-sputter component
ctch for etching at least partially through the metallization
layer. Since the metallization layer i1s usually substantially
thicker than the top barrier layer in most layer stacks, it is
advantageous to employ a low-spitter component etch to
ctch through the metallization layer to reduce photoresist
erosion. If the high-sputter component etch that 1s employed
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to etch through the top barrier layer(s) had been employed
instead, the longer duration of the metallization etch may
cause an undue amount of protective photoresist to be
sputtered away, thereby reducing the critical dimension the
resulting interconnect line. As can be appreciated by those
skilled, this 1s highly undesirable as 1t may render the
interconnect lines more susceptible to current-induced and/
or heat-induced damage during operation.

Optionally, the method further includes, 1n another
embodiment, a high-sputter component etch step for etching
through the bottom barrier layer(s). Again, the use of high
sputter causes more of the photoresist material to be sput-
tered off, thereby increasing the carbon component of the
sidewall polymer. If the high-sputter component etch 1is
caused by reducing etch pressure, more of the lower barrier
layer material 1s evacuated, thereby reducing the amount of
inorganic material adsorbed into the sidewall polymer. A rail
that 1s high 1n carbon and low 1n adsorbed inorganic material
may be more easily removed during the subsequent photo-
resist strip and/or water rinsing processes.

Although the 1nventive etch process may be performed
using any suitable etch technique, a RIE 1s employed 1n one
embodiment. The RIE 1s performed using, for example, a
transformer-coupled plasma reactor known as the TCP™
9600 SE plasma reactor, which 1s available from Lam
Research Corp. of Fremont, Calif. To facilitate discussion,
FIG. 2A 1llustrates a simplified schematic of the TCP™
9600 SE plasma reactor, including wafer 270. Referring to
FIG. 2A, a reactor 250 mcludes a plasma processing cham-
ber 252. Above chamber 252, there 1s disposed a source 256
to generate plasma, which 1s implemented by a coil in the
example of FIG. 2A. Coil 256 1s typically energized by a RF
generator 258 via a matching network (not shown). Within
chamber 252, there 1s provided a shower head 254, which
preferably includes a plurality of holes for releasing gaseous
source materials, e.g., the etchant source gases, into the
RF-1induced plasma region between 1tself and wafter 270.

The gaseous source materials may also be released from
ports built into the walls of chamber 252 itself. Etchant
source chemicals include, for example, Cl, and BCl; when
ctching through aluminum or one of its alloys. Other
chlorine-based etchant chemicals may also be used.
Examples include CH,, HI, HBr, HCI, CHCl,, which may be
employed along with optional 1nert and/or nonreactive
gases.

To facilitate etching, water 270 1s introduced 1nto cham-
ber 252 and disposed on a chuck 262, which acts as a second
clectrode and 1s preferably biased by a radio frequency
generator 264 (also typically via a matching network). The
waler comprises a plurality of ICs fabricated thereon. The
ICs, for example, 1nclude logic devices such as PLAs,
FPGAs and ASICs or memory devices such as random

access memories (RAMs), dynamic RAMs (SRAMs), syn-
chronous DRAMs (SDRAMs), or read only memories
(ROMs). The wafer is diced upon completion, separating the
ICs 1nto mdividual chips. When the RF power 1s turned on,
species are formed from the etchant source gas to react with
wafer 270 and etch away at the plasma-contacting layer(s).
The by-products, which may be volatile, are then exhausted
through an exit port 266.

FIG. 2B shows, 1n accordance with one embodiment of
the present invention, a multiple step metal etching process
300. To simplity discussion, process 300 1s performed on the
layer stack of FIG. 1A although it should be understood that
the 1mventive process may be performed on any analogous
layer stack formed during the fabrication of an IC. By way
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of example, 1t may be performed on a layer stack having
only one top barrier layer (instead of two as shown in FIG.
1A).

In step 302, etching 1s performed at least partially through
the top barrier layer using a high-sputter component etch.
Since this first high-sputter component etch 1s employed to
“break through” the barrier layer(s), it 1s referred to herein
as the break-through etch. In the context of FIG. 1A, the top
barrier layer comprises first and second top barrier layers
108 and 110. If ARC layer 112 1n FIG. 1B 1s organic, 1t may
be useful to break through this ARC layer first with gases
such as N, Ar, O,, CHF,, CF,, CH,F, CO, CO,, C,F, and/or
other suitable chemistry.

Increasing the physical sputter component of the break-
through etch results in a greater amount of photoresist
material being sputtered away. As mentioned earlier, this has
the effect of reducing the height of the polymer rail, e.g., 1t
lowers point 124 of FIG. 1B, thereby reducing the height of
rail 130. As a result, less polymer material has to be removed
during the subsequent photoresist strip and/or water washing
step.

More importantly, the increase in photoresist sputtering,
increases the density of the photoresist material 1n the
reactor chamber. Accordingly, more of the sputtered photo-
resist 18 absorbed 1nto the features’ sidewalls. As 1s known,
photoresist particles are high 1n carbon content. The
increased adsorption or absorption of the photoresist mate-
rial into the sidewalls thus increases the carbon content of
the polymer deposition. As can be appreciated by those
skilled in the art, polymer rails with high carbon contents
tend to strip more easily during the subsequent photoresist
stripping step.

In one embodiment, the high sputter component break-
through etch 1s achieved by reducing the pressure within the
plasma processing chamber to increase the bias voltage on
the wafer. Reducing the chamber pressure to achieve the
high sputter component etch also yields another important
advantage, namely reducing the amount of 1norganic mate-
rials adsorbed 1nto the polymer sidewall. This 1s because the
reduction in chamber pressure increases the mean free path
theremn and/or reducing the density of particles within the
chamber during the break-through etch. Accordingly, less of
the etched barrier layer material 1s present in the chamber to
be adsorbed into the polymer sidewalls. As can be appreci-
ated to those skilled, the reduction in 1norganic material
adsorption renders the polymer rails more soluble and
increases the ease with which the polymer rails may be
removed during the subsequent photoresist strip and/or
water washing steps.

It should be noted, however, that the high sputter com-
ponent etch may also be achieved by increasing the bias
power setting. Increasing the bias (or bottom) power setting
1s a mechanism for changing the bias voltage of the substrate
(and the sputter component of the etch) that is independent
from the aforementioned changing the process pressure.
Accordingly, the overall effect on the bias voltage of the
substrate (and the sputter component of the etch) depends on
which of these two mechanisms is more dominant (if both
mechanisms are employed simultaneously in a process step).

Alternatively, the top (or source) power setting may be
reduced to increase the sputter component, although 1t may
be necessary 1n some cases to reduce the lower or bottom
bias power setting as well to maintain plasma stability. This
1s another independent mechanism that may be employed to
change the bias voltage on the substrate (and the sputter
component of the etch). In these embodiments, the advan-
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tages associated with the high sputter component etch, 1.e.,
reducing the height of the polymer rails and increasing their
carbon content, are advantageously maintained.

If the high sputter component etch 1s maintained for
ctching through the entire layer stack, 1.e., all the way
through the metallization layer, the high sputter component
of the etch may unduly erode the protective photoresist
mask. When this happens, the critical dimension of the
interconnect lines 1s adversely affected. Accordingly, the
high sputter component break through etch i1s preferably
ended before an excessive amount of photoresist 1s eroded to
cause variations 1n critical dimensions to exceed specified
tolerances. In one embodiment, the high sputter component
ctch 1s terminated before the metallization layer 1s etched
through. More preferably, the high sputter component break
through etch is ended substantially as the barrier layer(s) is
ctched through. It should also be noted that the etching of
metallization layer 106 in FIG. 1B may not require a high
sputter etch component.

To etch through the remainder of the layer stack, there 1s
further provided, 1n accordance with one embodiment of the
present mvention, a low sputter component main etch step.
In this context, the low sputter component etch simply
means an etch step that has a lower sputter component
relative to the sputter component of the break-through etch.
The main etch step 1s illustrated 1n FIG. 2B 1n step 304.

In one embodiment, the main etch 1s permitted to proceed
at least partially through the metallization layer (e.g., met-
allization layer 106 of FIG. 1A) using a low-sputter com-
ponent etch. In etching step 304, chemical reaction 1s the
dominant etching mechanism. Because chemical reaction 1s
more selective than physical sputtering, the rate of photo-
resist erosion of PR layer 114 1s reduced relative to the
photoresist erosion rate associated with the high sputter
component break-through etch. The reduced photoresist
erosion helps to ensure that sufficient protective photoresist
remains on the wafer surface to protect the critical dimen-
sion of etched features (i.e., the interconnect lines in this
case).

In one embodiment, the low sputter component etch 1s
achieved by increasing the process pressure relative to the
process pressure that exists during the break through etch. In
decoupled or high density plasma, increase 1n process pres-
sure typically translates into reduced photoresist consump-
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there 1s further provided another high sputter component
ctch to etch through the bottom barrier layer. In this context,
the high sputter component etch simply means an etch step
that has a higher sputter component relative to the sputter
component of the main etch. This high sputter component
ctch may be achieved using the same technique employed in
the break-through etch step. The high sputter component
ctch again increases the carbon content of the sidewall
polymer deposition and/or reduces the amount of adsorbed
morganic materials 1n the sidewall polymer deposition. This
additional high sputter component etch is shown in FIG. 2B
as step 306 1n which etching 1s performed at least partially
through the bottom barrier layer using a high-sputter com-
ponent etch. This high sputter component etch may he
allowed to extend for some time after the laser stack 1s
ctched through to achieve over-etching.

Again, the high sputter component etch step 306 advan-
tageously reduces the height of the resulting polymer side-
wall to ease 1ts removal during the subsequent photoresist
strip and/or water washing step. The resulting polymer
sidewall 1s also rendered more soluble by increasing the
carbon content (and reducing the inorganic material content
if low process pressure 1s employed to achieve the high
sputter component etch).

FIG. 3 shows layer stack 20 of FIG. 1A after being etched

into mterconnect line 216 1n accordance with the mmventive
ctch technique. Compared to mterconnect line 116 of prior
art F1G. 1B, the height of the sidewall 1s lower due to the use
of the high sputter component etches. In other words, height
220 FIG. 3 1s reduced compared to height 120 of FIG. 1B.
Due to the higher carbon content and/or the lower inorganic
material content, rails 230 1s more soluble and easily
removed during the subsequent photoresist stripping and/or
water washing processes.

Table 1 below shows the approximate process parameters
that may be suitable for performing the high sputter com-
ponent break through etch mn a TCP™ 9600 SE plasma
reactor. In this table, an approximate suitable range, an
approximate preferred range, and an approximate more
preferred range are shown. In the tables that follow, the
ctches are performed on a 82-300 mm wafer. It should be
apparent to those skilled 1n the art given this disclosure that
the disclosed ranges may be varied to perform the described
ctches 1n other etch chambers and/or for other wafer sizes.

TABLE 1

BT (Break Through)

Top Bottom

Pressure  Power Power Cl, N, He,ox  Temp.

(mT) (W) (W) (scem)  HCl  (sccm) (T) “C.
Appr. 2-10 75-250 125250 30-200 10-50 0-25 4-14  20-70
Range
Appr. 5-10 120-175 150225 50-100 15-30 5-20 6—11 30-60
Pref Range
Appr. 5-7 130-160  160-180 90-130 15-25 10-20 8—10 40-50
More Pref.
Range

tion. This enables the etch to be completed on a limited
photoresist budget. Also, the top power and bottom bias
power settings may be 1ncreased 1n order to maintain desired
profiles of interconnect lines by achieving 1on directionality.

The low sputter component etch may continue until the
layer stack 1s etched through. In one embodiment, however,

Table 2 below shows the approximate process parameters
that may be suitable for performing the lower sputter com-
ponent main etch step in a TCP™ 9600 SE plasma reactor.

65 In this table, an approximate suitable range, an approximate

preferred range, and an approximate more preferred range
arc shown. In Table 2, the process pressure has been
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increased to decrease the bias voltage (and the sputter
component of the etch). Although the bias (or bottom) power
is shown to have increased relative to the bias (or bottom
power) setting employed in Table 1, the overall effect on the
substrate bias voltage (and the sputter component of the
etch) is to lower it. This fact underscores the independent
nature of these two mechanisms (bias power setting and
process pressure) on the substrate bias voltage (and the
sputter component of the etch).

TABLE 2

Main Etch

Bottom
Power

(W)

Top
Power
(W)

Cl,
(sccm)

Pressure N,

(mT) HCl

1220 125300  150-325 30-200 10-50 0-25

Appr.
Range

Appr.
Pref. Range

Appr.
More Pref.

Range

12-16 150225  175-250 50-130 15-30 520

12-14 185210  190-225 90-120 15-25 10-20

Table 3 below shows the approximate process parameters
that may be suitable for performing the high sputter com-
ponent etch step (for etching through the bottom barrier
layer and/or for the over-etch) in a TCP™ 9600 SE plasma
reactor. In this table, an approximate suitable range, an
approximate preferred range, and an approximate more
preferred range are shown. In Table 3, the process pressure
has been decreased to increase the bias voltage (and the
sputter component of the etch). Although the bias (or
bottom) power is shown to have decreased relative to the
bias (or bottom power) setting employed in Table 1, the
overall effect on the substrate bias voltage (and the sputter
component of the etch) is to increase it. This fact again
underscores the independent nature of these two mecha-
nisms (bias power setting and process pressure) on the

substrate bias voltage (and the sputter component of the
etch).

TABLE 3

Over Etch

Bottom

Power
(W)

Top
Power
(W)

Pressure
(mT)

Cl,
(sccm)

N,
HCI
Appr. 2-10 75250 125250 30200 10-50 0-25

Range

Appr.
Pref. Range

Appr.
More Pref.

Range

5-10 120175  150-225 50-100 15-30 5-20

5-7 130-160  160-180 50-85 15-25 1020

While this mvention has been described in terms of
several 1llustrative embodiments, there are alterations,
permutations, and equivalents which fall within the scope of
this invention. For example, although the mnventive sidewall
buildup reduction technique is disclosed herein mainly with
reference to DRAMSs to facilitate consistent discussion and
case ol understanding, 1t should be understood that the
invention 1s not so limited. It 1s expected that the disclosed
sidewall buildup reduction technique 1s also applicable to

(sccm)

(sccm)

25

30

35

40

60

65
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4-14
6—11

8—10

10

the manufacture of any semiconductor device (e.g.,
microprocessor, logic, memory device, and the like) that
requires etching of the metallization layer. It should also be

noted that there are may alternative ways of implementing
the methods and apparatuses of the present invention.

It 1s therefore intended that the following appended claims
be interpreted as including all such alterations, permutations,
and equivalents as fall within the true spirit and scope of the
present 1nvention.

Temp.
(T) "C.

20-70
30-60

40-50

What 1s claimed 1s:

1. In a plasma processing chamber, a method for etching
through a selected portion of a layer stack, said layer stack
comprising a metallization layer, a first barrier layer dis-
posed adjacent to said metallization layer, and a photoresist

layer disposed above said metallization layer, comprising:

ctching at least partially through said first barrier layer
using a high sputter component etch; and

ctching at least partially through said metallization layer
using a low sputter component etch, said low sputter
component etch having a sputter component lower than
a sputter component of said high sputter component
etch.

2. The method of claim 1 wherein said etching with said
high sputter component etch 1s achieved by employing an
ctch pressure that 1s lower than an etch pressure associated
with said low sputter component etch.

I_I"?‘l::r;?uﬂ1<r.

() Temp.

20-70
30-60

40-50

3. The method of claim 1 wherein a first bias voltage of
said substrate during said high sputter component etch is
higher than a second bias voltage of said substrate during
said low sputter component etch.

4. The method of claim 1 wherein said metallization layer
comprises aluminum.

5. The method of claim 4 wherein said first barrier layer
comprises Ti.
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6. The method of claim 1 wherein a chlorine-containing
chemistry 1s employed for one of said high sputter compo-
nent etch and said low sputter component etch.

7. The method of claim 1 further comprising:

ctching at least partially through a bottom barrier layer
different from said first barrier layer using another high
sputter component etch, said first barrier layer being
disposed above said metallization layer, said bottom
barrier layer being disposed below said metallization
layer, said another high sputter component etch having
a sputter component higher than said sputter compo-
nent of said low sputter component etch.

8. The method of claim 7 wherein said metallization layer
comprises Al—Cu.

9. The method of claim 1 wherein at least one of said high
sputter component etch and said low sputter component etch
is an etch using reactive ion etching (RIE).

10. The method of claim 1 wherein said layer stack is
employed in dynamic random access memory (DRAM)
manufacture.

11. In a plasma processing chamber, a method for etching
through a selected portion of a layer stack, said layer stack
comprising a metallization layer, a first barrier layer dis-
posed adjacent to said metallization layer, and a photoresist
layer disposed above said metallization layer, comprising:

ctching at least partially through said first barrier layer
using a first chamber pressure; and

ctching at least partially through said metallization layer
using a second chamber pressure higher than said first
chamber pressure, wherein said first chamber pressure
1s configured to cause said first barrier layer to be
ctched with a higher sputter component then a sputter
component associated with said second chamber pres-
sure.

12. The method of claim 11 wherein said layer stack is
employed in dynamic random access memory (DRAM)
manufacture.

13. The method of claim 11 further comprising:

ctching at least partially through a bottom barrier layer
different from said first barrier layer using a third
chamber pressure lower than said second chamber
pressure, said first barrier layer being disposed above
said metallization layer, said bottom barrier layer being
disposed below said metallization layer, wherein said
third chamber pressure 1s configured to cause said
bottom barrier layer to be etched with a higher sputter

10
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component than said sputter component associated
with said second chamber pressure.

14. The method of claim 13 wherein at least one of said
first barrier layer and said bottom barrier comprises Ti1 and
said metallization layer comprises aluminum.

15. The method of claim 14 wherein said layer stack 1s
employed in dynamic random access memory (DRAM)
manufacture.

16. The method of claim 14 wherein said etching at least
partially through said metallization layer employs a
chlorine-containing chemistry.

17. The method of claim 16 wherein said etching at least
partially through said metallization layer includes reactive
ion etching (RIE).

18. The method of claim 13 wherein said first chamber
pressure 1s between about 2 mTorr and about 10 mTorr.

19. The method of claim 18 wherein said second chamber
pressure 1s between about 12 mTorr and about 20 mTorr.

20. In a plasma processing chamber, a method for reduc-
ing sidewall polymer buildup during etching through a
selected portion of a layer stack, said layer stack comprising
a bottom barrier layer, a metallization layer disposed above
said bottom barrier layer, a top barrier layer disposed above
said metallization layer, and a photoresist layer disposed
above said metallization layer, comprising:

ctching at least partially through said top barrier layer
using a first chamber pressure;

ctching at least partially through said metallization layer
using a second chamber pressure higher than said first
chamber pressure, wherein said first chamber pressure
1s configured to cause said top barrier layer to be etched
with a higher sputter component than a sputter com-
ponent assoclated with said second chamber pressure;
and

ctching at least partially through said bottom barrier layer
using a third chamber pressure lower than said second
chamber pressure, wherein said third chamber pressure
1s conflgured to cause said bottom barrier layer to be
ctched with a higher sputter component than said
sputter component associated with said second cham-
ber pressure.
21. The method of claim 20 wherein said layer stack is
employed in dynamic random access memory (DRAM)
manufacture.
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